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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an improved 
capability, to maintain the good sepn. of channels and to 
improve a spectral width by forming an optical system 
having multiple transverse foci at a dispersion plane by a 
dispersion system and means for optically matching the 
output plane of input fibers and the input plane of an output 
fiber. 

SOLUTION: The dispersion system and the means for 
optically matching the output plane of the input fibers and 
the input plane of the output fiber form the optical system 
having the multiple transverse foci 6 at the dispersion plane. 
This optical system 6 is a system having the multiple 
transverse foci, and in this case, double foci. Namely, the 
flow of the luminous flux emitted by one of the input fibers 
is not converged to the single point as in the case of the 
conventional system of the single focus but is converged at 
two points respectively. The basic transfer function of such 
system is obtd. by adding the transfer function obtd. with 
the part of the optical system converging at the point and 
the transfer function obtd. with the part of the flow converging at another point. 
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[ ^^Miis m m m ] 

1 , T i tie of I nvent ion 

An oplic fiber wavelength multiplexer-demultiplexer 

2 . C I a i ms 

1. An optic fiber wavelength multiplexer-demultiplexer 
comprising a di^ersing system (1) exhibiting a dispersing plane, at least 
one input fiber (2) with an output face, at least one output fiber (3) with an 
input face, means (4) for optic matching of the output face of the input 
fiber with the input face of the output fibor, 

criaracterized in that the dispersing system and the matching 
means form an optic system with multiple transversal focuses (6) in ihs 
dispersing plane. 

2. An optic fitter wavelength multiplexer-demultiplexer 
according io claim 1, diaracterizsd in that it comprises a partial mirror 
(Ma) placed in front of a complete mirror (Mi). 

3. A multiplexGr-demultfplexer according to claim 2, 
characterized in that ihm partial mfrror (Ms) is a skylight mirror. 

4. A multiplexor-demultiplexer according to claim 2, 
characterized in tliat the partial mirror (Ma) is a partially reflecting mirror, 
uniformly ovor Its whole surface, 

5. A multiplexer-demultiplexer afjcording to any of the claims 2 
to 4, characterized in that the partial mirror (M2) and the complete mirror 
(Ml) are spherical mirrors, of the same focus, offset in relation to one 
another, transversally with respect to their optic axes. 

6. A multiplexer-demultiplexer according to any of the claims 2 
to 4, characterized in that the partiaf mirror (M2) and the complete mirror 
(Ml) are spherical mirrors, of the same focus, whereas the optic axis of 
one of them forms a small angle a with the optic axis of the other 

7. A multiplexer-demultiplexer according to olaim 1, 
characterized In that it comprises an optic element with multiple 
transversal focuses co-operating in transmission. 
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3. A multiplexer-demultiplexer according io «Diaim 7, 
characterized In that this optic element is a lens (4) with multiple 
transversal focuses, 

9. A multiplexer-demultiplexer according 1o claim 7, 
characterized in that this optic element is semi-prismatic (pi). 

10. A multiplexer-demultiplexer according to claim 1, 
characterized in that it comprises a multiple step network. 

11 A multiplexer-demultiplexer according to claim 1, 
characterized in that it comprises a variable step network. 
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3. iDetailed D Bscr ipt ion of Invention 

This invention relates to an optic fiber wavelength multlptexer- 
demultiplexer or rouler, liable to be used as a component in optic fiber 
teleiransmlssion units. 

Such fnuiliplexers-demuttlplGxers aro already known, as dBScribed. 
3 then gradually perfected, in particular in the French patents FR- 
2.543.768, FR-2.519.148, FR-2 479.001, FR-2.496.260 and in the 
European patsni EP-0. 196.963. 

By optic fiber multiplexer-demultiplexer, we mean devices in which 
input and output lumhous waves are propagated by optic fibers. 
10 The invsnllon also relates to the optic fiber routers in which a 

variable number of input flows, each with a particular wavelength, 
prtjpagated by spatially distinct optic fibers, aro addressed on a possibly 
different number of output fibers. 

In these different dsvices, coupling is made via a dispersing 
15 system, for a given wavelength betweon an output fiber and an input fiber. 

Thus is defined a channel which oxhibitf? of course a certain 

spectral width AX. 

Powerful multiplexers-demultlplaxors or routers must 
simultaneously enable operating a vast number of channels, each of 
90 these channels, centered njund a wavelength X. must oxhibit a spectral 
width AX which is as large as possible, while avoiding any crosstalk. 

There is a Cf ossialk when a portion of the energy from a channel is 
partially mixed with the energy from an ac|jacBnt channel. It is well known 
that the crosstalk disturbs the communications and that the devices 
25 exhibiting an excessive rate of crosstalk are useless in practice. 

In order to simplify the description, the device acciording to the 
invention will be qualified as a multiplexer-demultiplexBr, whereas it 
shouki be noted that it may relate to a multiplexer, a demultiplexer or a 
router. 
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The purpose of the invention is therefore to provide a multiplexer- 
demultiplexer offering improved cap^hilities and, while maintaining good 
separation of the channels, improving the spedral width of each of th&n. 

In order to meet this tarQst, it tias been suggested, according to the 
5 inveiitlon, to implement optic means ensuring ths matching of the output 
fac3 of the input fil>er with ttie inpui faco of the output fiber, which 
constitute a double focus optic system. 

Thus, the wavolength transmission function between an input fiber 
and an oulput fiber of the multiplexer is ensured by the superimpositron of 
10 the tran^iirussion functions pmduced by the optic system, respectively for 
each of its focuses. 

The spatial offset of the focuses produces a spectral offset of \he 
3lementary transfer functions and thus cables to widen the overall 
transfer function. 

j5 Tho invention therefore relates to an optic fiber wavelength 

itiultiplexer-demultipiexer comprising a dispersing systsm Gxhibiting a 

dispersing plane, at least one input fiber with an output face, at least one 

output fiber with an input faoe, means for optic matching of the output face 

of the input fibor with the input face of the output fiber. 
20 According to the invention, the dispersing system and the matching 

maans form an optic system with multiple transversal foDJses in the 

dispersirig plane. 

A double focus optic system means here any optic system which 

generates a transv^rsally split Image of a saine point object, regardless 
25 whether it rs located at a finite or infinite distarce. A system with multiple 

transversal focuses generates several images of the same point object; it 

can form a continuous sequence of images. 

According to different embodiments each exhibiting thoir particular 

advantages and liable to b^ implemented in all their technically possible 
30 combinations : 
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= the davice coiTiprises a pariial mirror placed in front of a complete 
mirror assembly, 

the partial mirror is a skylight mirror. 

- the partial mirror is semi-refledrng, 

5 - the partial mirror and the complete mirror are spherical mirrors, 

with the same focus, offset with respect to one another, transversally in 
relation to their optic axes, 

- the partial mirror and ths complete mirroi are spherical mirrors, 
with the same focus, whereas the optic axis of one of them forms a small 

10 angiG a with the optic axis of the other, 

- the device comprises an optic element with muitlple transversal 

focuses co-operating in transmlssioa 

- this optic element is a lens with multiple transversal focuses, 

- this optic element is semi-prismatic, 
15 - it comprises a multiple step networi<, 

- it comprises a variable step network. 

The Invention will be describod more in detail with roference to the 
appended df awinga In which : 

- figure 1 is a multiploxor-demultiplexer of the previous art; 

20 - figure 2 is tho elementary transfer function, for a couple of input- 

output fibers of the device of figure 1 ; 

- figure 3 is a mumplexor-demultrpiexer according to the invention; 

- figure 4 is a representation of the transfsr function of the device of 
figure 3; 

15 - figures 5A and 53 are a first example of double focus optic syatem 

that can be used in the device of the invention implsmenting two mirrors 
with samo focus and different oriantations, according to a front view and 
to a view from above; 

■ figure 5C is a side view represonting a partial mirror wiHi skylight, 
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- figures 6A and 6B ara an example imptementing two mirrors of 
s^me focus, transv#rsall/ oHset, a second example of double focus optic 
system that can be used in the device of the invention. acxx)rdln9 to a 
front view and to a view frcMH abovs; 

5 - figure 7 implementing a bifocal Ions is a third example of double 

focus optic system that can be used In the device of the invention ; 

- figure R implementing a prism acting on a portion of the beam Is a 
fourth example of double focus optic system that can be used In the 
device of the invention; 

10 - figure 9 implementing a prism system distributed inside the 

diaphragm; 

- figure 10 is a schematic representation of a multiple step network. 
The figures represent the optic components of tho device of the 

invention, independently from tho mechanic structures which carry them 

15 and ensure iheir respective posltiona. These mechanic slnjcturas may 
take on numerous shapes and are accessible to the man of the art. 

This description is made with roforence to the usa of optic fibers 
input and output moans of the mulliplexar demulliplexGi , It is still well- 
known that there are emitting components (diodes or diode bars) and 

ao receiving componants (CCD or CCD bars) whos© active elements ar^ 
amall in siz3, of the same order of magnitude as the fiber cora^, ranging 
between a few microns and a few doMn microns, and regularly spaced, 
whose characteristics make them compatibla with the fibers. In certain 
applications, such components can replace the input or output fibers of 

25 the multiplexer-demultiploxer of the invention and be located instead of 
the ends of the said fibers directly at Ihe spectral focus. Such components 
are therefore equivalent to the fibers in the deflnilion of the invention. 

The description hereafter mates reference to a multiplexer- 
demuHlplexer, It is also possible to implDmont th3 invention to build a 

3£) rouier. 
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Th8 multiplexer-demultiplexer represented on figure 1 comprisos a 
dispersing system consisting of a network 1. an input fiber 2 supplying the 
device with a multiplexed luminous flow and a output fiber comb 3 
supplying flows which are differentiated for each wavelength, Ths snds of 
5 these fibers 3 are placed in the center of tho network 1, itself 
approximately at the focus of a reflecting optic system 4. The space 5 
situated between tfie network 1 and the mirror 4 can accommodate 
various optic components enabling, according to the rgqulrements, to 
Improve the properties of the system. The network 1 can be holographic 
10 or engraved. 

For such a systam, the elementary transfer function defining the 
wavelength pass-^and for an input fiber-output fiber couple h^s the form 
represented on figure 3. It is cenlersd on the wavelength h> and its width 
at mid height is Alo. This width at mid-height depends on the set of 
13 geometric and optic characteristics of the device. 

Figure 3 represents a multlplsxoi -demultiplexer according to the 
invention whose elements analogous to thosa of figure 1 have been 
indicated tiy the same numeric references. The optic system 6 is a system 
wtth multiple transversal focuses, here double focus, i.e. the luminous flow 
20 emitted by one of the input fibers, instead of converging at a single point 
aft is tha case for a conventional, single focus, optic system, converges at 
two points:, rsspectively fi and fa. 

The elementary transfer function F of such a system is the addition 
of the transfer finction Fi obtained for the portion of the optic system 
0,5 converging at the point fi and of the transfer function F> obtained for the 
portion of the flow converging at the point f2. The resulting transfer 
function i^ then the curve F reprosented on figure 4, 

JhQ gap between the central wavelengths of the transfer function 
Fi and Xi of the transfer function F2 depends on the distance between the 
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focuses f, and and tha resulting transfer function, corresponding to the 
multiplexer demultiplexer devices taken as a whole, Is the transfer 
function F, 

An angle ot between the axes ai, 82 jotning the apexes of the 
5 mirrors (approximately superimposed) and the focuses fi and h produces 
a gap 

?Li - X2 s 4an (d cos p)/k 

10 where d is the step of the network and k the ordor of the network used, n 
is Lh© index of the diffraction medium, (3 is the angle of the normal to the 
network and the direction of the ir^cident radii and diffracted in Littrow 
condition (In which the Incidence and diffraction angles are approximately 
equal). 

15 The widths at mid-height AX, and AX2 aro approximately equal to 

the width at mid-height A^o obtained for a single focus system, whereas 

the global transfer function F has, for its own part, a width AX vastly 

suportor to that width Ah,, 

The figures 5A, 5B and 5C represent a first embodirnant of a 
20 double focus system, which comprises a skylight spherical mirror l\^2 and a 

spherical mirror Mt, whereby these mirrors havg the same focus. 

By skylight mirror, we mean a mirror carried by a spherical surface 

whereas only parallel bands 10 are metallised, leaving batween 

themselves non-metallised bands 11,- 
75 The metallised bands 10 reflect tht* portion of the Incident luminous 

flow that they receive, whereas the non-metallised bands 1 1 transmit the 

said luminous flow. 
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Such a minor, as represented on figuie 5C, can be made while 
protecting the zones 11, 13, 15 designed for transmitting during the 
metallisation oparation of the reflecting zones 10, 12, 14, 16. 

Such a pertlai mirror can also be produced by covaring the whole 
5 surface of an optic component with a stack of semi-reflecting coats. 

The mirror Mi, so-called complete mirror, is theoretically a 
canventional mirror completely metallised, since it is the most readily 
available component and because it proves satisfactory. 

The mirror Mi must receive the Incident luminous flow, non 
10 intercepted by the skylight mirror M?. It may also be a second skylight 
mirror whose reflecting ?ones are complimentary to the reflecting zones of 
the first sl<y light mirror M2, 

The mirrors M,, Ma can be stuck together, vrtiereas the space 20 
between fnem is filled with optic glue. 
13 The figures 6 and following contain the same notations as thosa of 

figures 5 to designate ihe elements of the same nature. 

In the embodinnant of figures 6, the partial mirror M2 is offset 
transversal!/ with respect to the mirroi Mi. Both these mirrors havs the 
sam^ focus. 

20 in the embodiment of figure 7, the beam is intercepted by a 

resulting bifocal tens L2 thus exhibiting two focuses, respectively f, and fz, 
offset longitudtnaily in relation to one anothar. 

This bifocal lens consists allernateiy in the transversal direction, of 
zones made of two identical lenses offset transversally, in relation to one 

25 another. Wo can ttius obtain elements of two different natures distributsd 
in the diaphragm, the ones acting onto tha luminous flow to cause it at 
converge to ft. Ihe others to cause it to converge at fj. These elements are 
advantageously bands 31 . 38. 

Finally, in the embodiment of figure 8. a small prism pz is placed in 

30 front of the rrtirror Mi and intercepts a portion of the incident beam/ 
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The bifocal systom then has two focuses, respectively fi and fa, 
offset transversally, whoreas the corresponding axes ai and a2 form a 
small angle a. 

The result can be improved, according to figure 9, when parallel 
5 prismatic elements aro distributed over the surface of the diaphragm and 
alternate with elements forming parallel-faced blades. 

A bifocal system, such as fepresonted on figure 10» can also be 
made, while implementing a multiple step networlc. consisting of an 
alternating succession of two types oFzones» the former 21 , 23, 25, 27, 29 
10 exhibiting stsp pi lines, the latter step p2 lines. 

Thus, the luminous flow received by the network is divided into two 
dispersing flows according to different angles, preferably very slightly 
different, forming a transversal double focus systam. 

While implementing a variabio step network, we can obtain a focus 
15 extanding continuously in the transversal direction. 

Moreover, it is advantageous, in the case of a skylight mirror, that 
the transversal offset fif2 follows the direction parallel to the slots. 
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4, Brief Descript ion of Drawings 

Figure 1 is a multiplexer demultiplexer of the previous art; 

Figure 2 is the elementary transfer function, for a couple of input- 
output fibers of the device of figure 1. 

Figure 3 is a multiplaxer-demultiplexer according to the invention. 

Figure 4 Is a representation of the transfer function of tho device of 
figure 3. 

Figures 5A and 6B are a first example of double focus optic system 
that can be used in the device of the invention Implementing two mirrors 
with same focus and different oriantalions, according to a front view and 
to a view from above. 

Figure 5C is a side view reproaenting a partial mirror, with skylight. 

Figures 6A and 63 are an example implementing two mirrors of 
same focus, transversally offset, a second example of double focus optic 
syatem that can be used in tho device of the invention, according to a 
front view and to a view from above. 

Figure 7 implementing a bifocal lens is a third example of double 
focus optic system that can bo used in flie device of the invention , 

Figure Q implementing a prism acting on a portion of the beam is a 
fourth example of double focus <vtio system that can be used in the 
device of the invention;. 

Figure 9 imptemenling a i^ism system distributed inside the 
diaphragm^ 

Figure 10 is a schematic representation of a multiple step network. 

1 • • dispersing system 

2 input fiber 

3 output fiber 
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1 , Abstract 

This invention relates to an opiic fiber wavelengtii multiplexer- 
demultipfexer comprising a dispersing system (1) exhibiting a diapersing 
plane, at laast one Input fiber (2) with an output face, at least one output 
fiber (3) with an input face, means (4) for optic matching of the output face 
of the input fiber with tha input face of the output fiber 

The dispersing system and the matching means form an optic 
system with multiple transversal focuses (6) in tho dispersing plana. 



'?., Reprasentati ve Drawing 
Figure 3 



